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Abstract
Interdisciplinary research (IDR) collaboration can be defined as the process of integrating
experts’ knowledge, perspectives, and resources to advance scientific discovery. The flourishing
of more complex research problems, together with the growth of scientific and technical
knowledge has resulted in the need for researchers from diverse fields to provide different
expertise and points of view to tackle these problems. These collaborations, however, introduce a
new set of “culture” barriers as participating experts are trained to communicate in disciplinespecific languages, theories, and research practices. We propose that building a common
knowledge base for research using ontology development techniques can provide a starting point
for interdisciplinary knowledge exchange, negotiation, and integration. The goal of this work is
to extend ontology development techniques to support the knowledge negotiation process in IDR
groups. Towards this goal, this work presents a methodology that extends previous work in
collaborative ontology development and integrates learning strategies and tools to enhance
interdisciplinary research practices. We evaluate the effectiveness of applying such methodology
in three different scenarios that cover educational and research settings. The results of this
evaluation confirm that integrating learning strategies can, in fact, be advantageous to overall
collaborative practices in IDR groups.
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Chapter 1: Introduction
In the last decade, semantic approaches have provided solutions for data discovery and
interoperability. Collaborative work has benefited from these semantic approaches as they
provide resourceful solutions for the sharing and integration of heterogeneous data. Collaborative
work in an interdisciplinary setting, however, introduces a different set of barriers as
practitioners often have a limited understanding of each other’s disciplines, vocabulary, theories,
and research practices (Hall, O’Rourke, Huutoniemi, & Tapio, 2014; National Research Council,
2015). We recognize the challenges that come from integrating disparate disciplinary
perspectives and propose a solution that is built upon semantic data models and processes, and
incorporate learning theories to support both information exchange and acquisition. In this work,
we present a methodology that extends ontology development practices to address the learning
process that inherently occurs between members of any interdisciplinary group.

1.1 MOTIVATION
Finding solutions to many of the societal challenges relevant to today’s world, reaches
beyond the scope of a single discipline (Pan & Katrenko, 2015). Similarly, the rapid growth of
scientific and technical advancements has enabled researchers from different disciplines to
collaborate with one another in much more innovative manners (National Research Council,
2015). For instance, transforming cities into smart cities to create sustainable, resilient
infrastructures for its residents is an issue that brings together collaborative efforts from
technology, government, and society1. These kinds of innovative research practices are
commonly referred to conducting interdisciplinary research (IDR). Recent research on IDR
suggests that the rise of these technological advancements, and complex societal problems have
prompted a growth in scientific collaborations within the last decade (National Academy of

1

More information about smart cities can be found at: www.smartcities.ieee.org.
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Engineering, National Academy of Sciences, Institute of Medicine, & National Research
Council, 2005; National Research Council, 2015; Pan & Katrenko, 2015). According to the
National Academy of Sciences (NAS)2, about ninety percent of science and engineering
publications were authored by two or more individuals in 2013, and most articles were written by
6 to 10 individuals from more than one institution (National Research Council, 2015).
Additionally, a study conducted by Elsevier3, reported traces of interdisciplinarity in 78% of all
publications in Scopus4 (the largest abstract and citation database of peer-reviewed literature:
scientific journals, books, and conference proceedings) in the period between 2009 and 2013
(Pan & Katrenko, 2015). These numbers suggest the recent growth of overall research
collaborations that span across disciplinary and institutional boundaries. The following
statements are summarized as the main drivers for interdisciplinary research, further recognizing
its intrinsic significance in today’s research directions (National Academy of Engineering et al.,
2005).
•

The inherent complexity of nature and society

•

The drive to explore basic research problems at the interfaces of disciplines

•

The need to solve societal problems

•

The stimulus of generative technologies

Though IDR is often believed to have great potential, it is also important to recognize that
at the core of collaborative work among a group of people, there are challenges that need to be
addressed. Collaborative work in an IDR setting introduces a distinctive set of barriers, as
practitioners often have a limited understanding of each other’s disciplines, vocabulary, theories,
and/or research practices (National Research Council, 2015). Thus, generating a common
conceptual framework is a key problem in any IDR collaborative effort (Pennington, 2010). The

2

Private non-profit organization of the country’s (US) leading researchers www.nasonline.org.
Further information about the report can be found at: www.elsevier.com/research-intelligence/resource-library/areview-of-the-uks-interdisciplinary-research-using-a-citation-based-approach.
4 More information on Scopus at: www.scopus.com.
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need of IDR teams to overcome these collaboration challenges for interdisciplinary research is
the main motivation for this thesis.

1.2 GOALS AND OBJECTIVES
The goal of this research is to extend current collaborative ontology development techniques
to support the knowledge negotiation process for IDR collaboration. Towards this goal, the
objectives of this research are to:
1. Extend current collaborative ontology development methodologies to support knowledge
negotiation in IDR teams. The activities involved with this objective are as follows:
a. Investigate and survey the current state-of-the-art in ontology-engineering
processes, in particular those addressing collaborative ontology development.
b. Propose an enhanced methodology for collaborative ontology development to
support IDR teams.
2. Evaluate the effectiveness of the proposed methodology in knowledge negotiation for
IDR collaboration. The activities involved with this objective are as follows:
a. Apply the methodology in at least three different IDR scenarios, i.e., conducting a
series of workshops with at least three different IDR teams.
b. Conduct a survey to evaluate the effectiveness of the methodology by members of
the IDR teams.
c. Analyze and verify results in addressing the research goal.
This research aims to answer the following research question: How can collaborative
ontology development techniques support the knowledge negotiation process in IDR teams?

1.3 ORGANIZATION
The remainder of this manuscript covers the following: Chapter 2 presents background
information to describe challenges in interdisciplinary collaborations, usefulness of semantic3

based approaches for sharing and integrating heterogeneous data and knowledge, and rationale
for the incorporation of learning strategies and theories for the enhancement of the knowledge
negotiation process during the development of these semantic methods. Chapter 3 discusses
related work on collaborative ontology development methodologies. Chapter 4 introduces the
proposed methodology, which outlines an extended version of ontology development processes,
and is specifically designed to enhance collaborative interdisciplinary environments. Chapter 5
describes the evaluation process and scenarios in which the methodology was applied, and its
effectiveness tested. Chapter 6 discusses results and findings of conducting such evaluations.
Chapter 7 presents conclusions for the work, research outcomes, and discusses future work.
Appendix A to E present supplementary information; Appendix A to C present detail
descriptions of the three workshops used as test beds for the application of the methodology
discussed in this manuscript. Appendix D and E present both the consent form and the survey
given to participants for evaluation of the methodology.

4

Chapter 2: Background
The proposed research aims to facilitate IDR group collaborations through semanticbased practices that support knowledge negotiation. Knowledge negotiation in this context refers
to the creation of new, shared knowledge among a group of people. This chapter introduces
definitions about interdisciplinary collaborative work and recognized barriers, and semantic
terminology and its usage benefits. Additionally, we introduce the concept of collaborative
learning, its importance to this work and some learning strategies selected to be applied in the
proposed methodology (available in Chapter 4).

2.1 INTERDISCIPLINARY RESEARCH AND CHALLENGES
As a mode of discovery and innovation, research that provides the opportunity of various
disciplines to work together has increasingly gained momentum in recent years and has become
one of the ways in which to approach societal complex problems of today (Pan & Katrenko,
2015). In addition, technological advancements have enabled the coalescence of disciplines and
resources in ways that were not possible before (National Research Council, 2015). To deepen
our understanding of IDR, we first need to construct a common description of its meaning.
Definitions for interdisciplinary research in the literature abound. In this work, we adopt the
definition used by The National Academy of Sciences.
“Interdisciplinary research is a mode of research by teams or individuals that integrates
information, data, techniques, tools, perspectives, concepts, and/or theories from two or
more disciplines or bodies of specialized knowledge to advance fundamental
understanding or to solve problems whose solutions are beyond the scope of a single
discipline or area of research practice (National Academy of Engineering et al., 2005)”.
Current technological and scientific breakthroughs, along with modern research problems
have prompted colleagues from disparate disciplines to come together in an effort to tackle these
modern real-world challenges. The popularity gained by IDR has been identified in several study
5

reports. Elsevier (2015) measured interdisciplinarity for all publications in Scopus (the largest
abstract and citation database of peer-reviewed literature), in the period between 2009 and 2013,
and found that approximately 78% of all publications had some level of interdisciplinary content
(Pan & Katrenko, 2015). They base their measure on a citation-based approach, that is, if articles
cite papers from disciplines that widely differ from their own topics, it is likely that they are
interdisciplinary. This report is based on UK’s overall research, and compares findings with
research from countries like Brazil, Canada, China, France, Germany, Italy, Japan, and USA
(Pan & Katrenko, 2015). The high percentage of papers conducting some level of IDR in most
developed countries presented in this report suggests the growth of research that is based on the
mixture of several disciplines. These findings seem reasonable given the inherent complexity of
real-world problems, which do not necessarily sit within a single discipline. Take for instance
the example of transforming cities into smart cities. This issue requires bringing together
collaborative efforts from technology, government, society, and others. Another example is the
issue of climate change, which requires a deep understanding of the complexity of nature and its
interactions with human society. Expertise from disciplines such as engineering, social sciences,
and natural sciences needs to be integrated to support research that is representative of this issue.
Despite the necessity of IDR, researchers interested in conducting it are faced with
challenges encountered in any type of collaborative work among a group of individuals. In the
context of IDR, practitioners often have limited understanding of each other’s disciplines,
vocabulary, theories, and/or modes of research practices, adding a new set of “cultural” barriers
that amplify the complexity of achieving integrated knowledge (Pennington, 2011b). Some
challenges relevant to this work are described in a report issued by the National Research
Council and are explained in brevity for discussion in further chapters (National Research
Council, 2015).
•

High diversity of membership. Groups sometimes include members that may be
diverse in age, gender, culture, religion, expertise, or ethnicity. Team members
may lack a common vocabulary, which brings a challenge in communication.
6

Take the word “desertification”5, for example, which has more than a dozen
definitions. Ecologists use it to describe a loss of productive agricultural land,
while economists use it to describe the spiral of poverty in developing nations6.
•

Deep knowledge integration. Integrating the data, tools, perspectives, and theories
of two or more disciplines can be difficult for members when sharing across the
boundaries of their own discipline.

•

Large size. Large size in IDR teams can magnify the problems in communication,
coordinating tasks, or building trust between members of the collaborating group.

•

Goal misalignment. Each individual team member brings their own perspectives
to the group and may have their own distinct goals predefined at the time of the
IDR team formation, which may not be aligned to other researcher’s goals
causing possible conflict.

•

Permeable team. The membership of a group or team may change as the project
moves from one phase to the other, requiring a certain type of expertise, to
another that may require different expertise.

•

Geographic dispersion. Most IDR teams have members located across multiple
universities or research institutions, which would require reliance on electronic
modes of communication, or difficulties in coordinating work across institutions
that have varying work styles, time zones, and cultural expectations.

•

High task interdependence. One common feature of any teamwork is the
dependence of team members on each other to accomplish the desired task.
Achieving successful interdependence can lead to challenges in coordinating
talents to achieve shared goals.

5

Desertification describes a major climate change impact on land.
Information from SciDev.Net, the world’s leading source of reliable and authoritative news, views and analysis on
information about science and technology for global development. More information at: http://www.scidev.net.
6
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Because of the noticeable benefits of IDR work, and given its limitations and challenges,
terminology and strategies that aim at facilitating collaboration and knowledge negotiation for
IDR teams are described in the remainder of this chapter.

2.2 ONTOLOGY DEVELOPMENT
Ontologies are used to specify a shared conceptualization of a domain in the world
(Gruber, 1993). They do this by explicitly defining a taxonomy of concepts used to describe and
represent an area of knowledge (i.e. domain of interest), the relationships between these
concepts, along with a set of inference rules that enable semantic-based reasoning. For instance,
to describe areas of expertise and projects related to ‘smart cities’ using ontologies, we could
include terms such as transportation infrastructure, sustainability, smart mobility, or smart bus,
which describe a set of terms within the domain. Similarly, we could state that these terms are
related by the relationships that exist between them. For example, we could say that
sustainability is a result of smart mobility, which itself is an implementation of transportation
infrastructure. Inference rules can increase the usefulness of ontologies. For example, if the
former assertion was expressed by the ontology and we added the statement that a smart bus is a
type of smart mobility, the computer could now deduce that sustainability is also a result of smart
buses without explicitly stating the fact in the ontology. In this sense, ontologies are considered
one of the building blocks of the Semantic Web7, which yields its value on enabling information
sharing on the web in a way that both humans and computers can understand and use (BernersLee, Hendler, Lassila, & others, 2001). This is accomplished because ontologies are written in
machine-readable vocabulary (commonly in OWL8), which can be used by people, databases,
and applications that need to share information (McGuinness, Van Harmelen, & others, 2004),
7

The Semantic Web (SW) is an extension of the World Wide Web (WWW); its standards promote common data
formats and exchange protocols on the web. More information at: www.w3.org/standards/semanticweb.
8 The Web Ontology Language (OWL) is the most commonly used ontology language. It is a language more
expressive than the Resource Description Framework (RDF) and thus supports additional rules for the generation of
inferences. More information at: www.w3.org/standards/semanticweb/ontology.
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(“OWL Web Ontology Language Use Cases and Requirements,” 2009). Common components of
ontologies are classes representing a set of entities in the domain, object or data properties
representing the relationship or interactions among these entities and instances, which indicate
concrete examples of concepts within that domain.
In the context of interdisciplinary collaborations, the aim of developing ontologies and
vocabularies is to have common knowledge to be shared and reused among scientists with
common research interests. Ontologies provide formal logics and automated reasoning to support
decision-making, data integration, and question answering for future collaborations (Gruber,
1993). Furthermore, some major benefits of using this type of semantic-based modeling are that
ontologies can i) make implicit knowledge explicit or make explicit domain assumptions, ii)
provide semantic descriptions of integrated knowledge, iii) enable the sharing of information
with meaning and sharing of common structure of information among people and/or software
agents, and iv) allow for the construction of a common base framework that is reusable and
interoperable (Noy, McGuinness, & others, 2001).
In practice, ontology development is the result of collaborative efforts from a diverse
community. Such collaborative efforts need established techniques to share domain specific
knowledge and structure it in terms of concepts, attributes, and relationships (Noy et al., 2001).
Techniques for collaborative ontology development are described in the related work chapter
(Chapter 3).

2.3 COLLABORATIVE LEARNING
Collaborative work among any group of people is, at its core, a learning practice.
Collaborative learning is a term that involves a variety of educational approaches involving joint
intellectual efforts by participating learners (Goodsell & others, 1992). This type of learning
approach is commonly recognized for having teams mutually searching for understanding,
solutions, or meanings in the process of achieving a certain goal, whether it is in the form of a
9

product or a shared learning experience (Goodsell & others, 1992). In the context of IDR,
effective research practices among experts highly depends on their ability to learn each other’s
perspectives and language to construct an integrated conceptual framework that can be used to
provide innovative solutions to the research problem of interest (Pennington, 2011b). In the
context of ontology development, collaboration depends on experts’ ability to produce an
explicit domain vocabulary from their individual mental models9. In this sense, both facilitating
IDR and ontology development create a continuous learning challenge (Pennington, 2010,
2011b). More specifically, the type of learning involved in IDR and ontology development
mirrors a collaborative environment, where participating members are dynamically involved in
the exchange of one another’s knowledge, resources, skills, and perspectives, among many.
During the process of designing an enhanced ontology development methodology
applicable for IDR group collaborations, we encountered that the learning component was not
fully addressed in the current state of the art in ontology development. That is, the learning that
occurs between members of the development team was not considered at depth. We identified
this gap, and thus investigated collaborative learning, strategies, and tools as means of improving
current ontology development methodologies for IDR groups. Focus for our methodology design
is given to the strategic selection of methods that encourage active, collaborative learning10. This
selection is compiled from personal experience in the field, training in education, and above all,
research material in several relevant articles that discuss and corroborate the efficiency of a
number of collaborative learning tools and strategies.
The remainder of this Section discusses a review of the articles that were used for
reference in the selection of the learning strategies integrated to ontology development for IDR
group collaborations. Subsequently, we introduce a brief description on the selected strategies
and tools applied to this work.

9

Mental model refers to an individual’s thought process; mind constructs or “small scale models” of reality to
reason, and to underlie explanation (Johnson-Laird, 2004).
10 Active learning refers to any instructional method that engages students in the learning process (Prince, 2004).
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Dunlosky, et al. review ten different techniques in the context of improving educational
outcomes (Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013). This paper gives an
overview of the techniques, recommendations of their utility, and how they have evaluated their
effectiveness in the field. Gates et al. discusses the use of the affinity group process and model,
which provides a framework for research group activities and cooperative environments (Gates,
Della-Piana, & Bernat, 1997). The paper describes the model in depth, enumerating structured
activities for the assistance of the transfer of knowledge and skills. Finally, Barkley, Cross, and
Howell introduce an ample set of activities associated with collaborative learning (Barkley,
Cross, & Major, 2014). Most importantly, they devote a substantial amount of content to
introducing the concept of collaborative learning, its fundamental value in education, along with
an evaluation of evidence for its effectiveness.
We have selected the following strategies and tools applicable for collaborative learning,
ontology development and IDR from the before mentioned articles.
Directed instruction is a strategy used when there is explicit guidance and demonstration
of the material by a specialized instructor(s) or facilitator(s).
Articulating reasoning and self-explanation are techniques that aim at promoting positive
discourse. This is generally achieved by designing specific activities that enforces learners to
express their understanding in a way that allows others to fully comprehend their intended way
of thinking. Activities associated with these strategies are presentations, and explanation and
integration of results. In both cases, learners have to be able to explain their thinking to their
audience, whether it is big or small in size. Additionally, these techniques generate the use of
other strategies such as discussions, explaining and justifying opinions and feedback between all
participants.
Constructive interrogation is a technique were participants (both learners and instructors)
build each other’s learning by asking each other probing questions that result in constructive
discussions.

11

Distributed practice refers to the decomposition of the overall project or problem into
smaller components of the same. In this sense, the entirety of the project is decomposed in steps,
accompanied by parallel activities that support each component.
Timing constraints is a powerful strategy that enforces participants to work for a limited
period of time designated by the facilitator(s) or instructor(s). This time restriction adds
responsibility in meeting goals on schedule, which fundamentally helps in focusing on the
outcome without diverging on topics that are off-course.
Scaffolding refers to providing initial support to the learner, which will gradually
decrease as the project or problem evolves. Giving learners the scaffolds, or supports, they need
during the initial stages of the development allows them to construct their own resources for
future work.
Summarization is a learning activity where the participants identify the most important
information from large amounts of discussions. Annotation and documentation, similar to
summarization are strategies used to keep track of the most important concepts or ideas that arise
during collaborative discussion.
Group divisions are a strategy utilized when the collaborating team is big in size. This
strategy allows for a better management on the activities and overall participation of the
members of the collaborating team. This can potentially help in maintaining order while allowing
all learners to be part of the learning process. Group divisions can be implemented in several
ways. Relevant to this work is the formation of ability grouping, or the practice of grouping
learners together based on similar knowledge or skills. Additionally, an activity related to group
composition is the Jigsaw technique, which enables learners to rotate initial group formations in
order to form heterogeneous, or stratified groups. When new groups are formed, members are
expected to explain their findings and discussions during the previous teamwork. This strategy
helps learners actively build shared comprehension by encouraging listening, and engagement.
Role assignment is a strategy known for allowing learners from a small group develop
roles i.e. leader, time keeper, documenter, facilitator, or devil’s advocate, and adjust to their
12

individual roles for the duration of a specified activity. This strategy is used as a way of
encouraging positive interdependence and interaction.
Manipulative instruments are materials and/or tools that provide learners the ability to
directly interact and manipulate knowledge. One example of this is the use of concept maps and
graphical visualizations, which are types of knowledge representation that facilitate learner’s
exploration, manipulation and visualization of a particular area or problem of interest.
Brainstorming is a collaborative technique used when learners need to gather ideas for a
specific purpose. The technique is best achieved when there are no restrictions for creative
thinking, and rapid annotation of such ideas occurs e.g. during summarization and annotation.
Modeling desired outcomes, or giving specific examples of these are strategies that are
used to facilitate learners’ understanding of a problem.
Finally, analyze, reflect, adjust and iterate are techniques used when there is a final
product that can continuously improve. These techniques are highly collaborative in the sense
that they need full communication of the team to adjust procedures, outcomes, or initial steps to
develop a product that the full team agrees upon.

13

Chapter 3: Related Work
Previous efforts have addressed the ontology design process in collaborative
environments. The most relevant methodologies in ontology development to our work are
summarized in the first section of this chapter. These methodologies served as inspiration for the
development of the methodology described as work for this thesis. An important development
process that is not discussed in this section is explained in Ontology Development 101 (Noy et
al., 2001). It is important to note that each of these methodologies present their methods at a
general level, leaving practitioners with the need of addressing the collaborative barriers as they
see fit. These methodologies focus on the steps of building the ontologies, but the human-tohuman interactions are not fully addressed. To the best of our knowledge, there are no
methodologies that address the researchers’ interactions in these settings, nor do they discuss the
specific interactive activities for the members. The goal of these methodologies is to create an
ontology. In contrast, the main goal of the proposed methodology is to support knowledge
negotiation using artifacts such as ontologies.

3.1 RELATED WORK ON COLLABORATIVE ONTOLOGY DEVELOPMENT
Holsapple and Joshi propose a collaborative ontology development design approach with
four phases: preparatory, anchoring, iterative, and application (Holsapple & Joshi, 2002).
Initially, there is an ontology developed by merging existing ontologies within the domain,
which serves as a starting point for the rest of the design process. During the preparatory phase,
the design criteria are defined, and boundary conditions and evaluation standards determined.
The anchoring phase produces an initial ontology that can aid as orientation for participants’
further discussions. This “anchor” ontology evolves through several iterations of this phase, until
the design criteria are met with respect to some evaluation standards. The iterative improvement
phase describes the process in which refinement of the ontology occurs by adjusting it based on
feedback from participants. Edits are incorporated into a new version of the ontology and the
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process is repeated until a consensus is reached. Finally, during the application phase, ontology
utility is explored by applying it in a specific context.
DILIGENT proposes a methodology that focuses on the evolution of the ontology, rather
than its initial design (Davies et al., 2005). DILIGENT has five major steps: build, local
adaptation, analysis, revision and local update. Build is the process of building an initial, rough
ontology, not required to be complete with respect to the domain. The authors mention that the
composition of the developing team should be relatively small during this stage. Once the initial
ontology is available, users adapt a local duplicate to their own needs, without modifying the
original during the local adaptation phase. Local duplicates of the shared ontology are analyzed
and similarities are identified. A crucial activity during this analysis is to decide which changes
are to be introduced to the next version of the shared ontology. Changes to the ontology are
regularly revised so that local duplicates do not diverge too far from the shared ontology. A
board initially formed during the build phase of the process mediates the refinement process in
this methodology. Finally, during local update uses may decide to align their local ontologies
with the new version released to better use the knowledge represented in the new version.
The Human-Centered Ontology Engineering Methodology (HCOME) provides a
methodology organized in three major phases that can be performed iteratively until a consensus
is reached between collaborators (Kotis & Vouros, 2006). These phases include: specification,
conceptualization, and exploitation. During the specification phase, engineering teams are
established and collaborate toward developing scope and aim of the ontology, common approved
requirements and joint ontology specifications. Conceptualization includes initial import and
refinement of existing relevant ontologies if there are any, improvisation of ontologies with
informal definitions, mapping or merging of multiple versions of ontologies and evolution from
resources gathered. The exploitation phase includes the inspection of agreed upon or shared
ontologies by collaborators, either individually or collaboratively, comparison of shared versions
to identify differences and the publication of feedback. Evaluation is achieved by active
dialogue, criticism and recommendations.
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Tetherless World Constellation (TWC) semantic web methodology is an iterative
methodology for the establishment of semantic web applications, and relevant to this work as
one important semantic web application is building an ontology (Fox & McGuinness, 2013). It is
comprised of the following objectives: use case development, small team formation, analysis,
ontology development, relevant tool identification, review and iteration, technology adoption,
rapid prototype, and evaluation. Use case is building and identifying cases in which the data
supported by semantic means can be applied, and later analyzed. The development of the
ontology or a model is followed from a raw building of conceptual data based on analysis of use
cases. Finding and using tools relevant and most useful to the project is one key objective.
Finally, as models are translated to such tools, the semantic models are reviewed iteratively, and
the adoption of technology follows. Our methodology is similar to the efforts described in related
work in that it emphasizes the iterative nature of ontology development and incorporates steps of
knowledge elicitation, ontology development, and evaluation. It differs, however, in explicit
focus on steps that require full participation of the IDR team, i.e. developing the scope and the
initial concept retrieval from research group members.
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Chapter 4: Methodology
Figure 4.1 depicts the main steps of our proposed methodology cycle. The steps enclosed
in the circle are those that include full participation of the IDR team. That is, most interaction
between team members happens in these steps. For example, members need to communicate,
discuss, and come to an agreement on the research problem to tackle or reach consensus on what
perspective to take when developing the ontology. Other steps (outside of enclosing circle) are
important to the ontology development process, however they are out of the scope of this work
since participation from the IDR team is not required at a great length i.e. the focus is on the of
the actual implementation (though some ontology evaluation may require the individual
participation of members of the IDR teams). It is important to note that these steps are highly
iterative, and the order of the steps can change according to the group’s needs until participants
reach a consensus.
Our approach extends previous work by developing well-defined solutions to support the
inherent learning process and focuses on the knowledge elicitation, which is usually discussed at

Figure 4.1: Overview of methodology
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a high level in related work and practitioners are left with the need to design and implement
specific activities for each step in the process. We describe activities at each step that drive
dynamic participation, inviting group members to become active learners in the process. Each
step of the methodology proposed is associated with a different set of learning strategies relevant
to that particular step. In Sections 4.2-4.6 we discuss these developmental steps in depth, and we
map them to their related learning strategy or activity. There are, however, some types of
collaborative learning strategies (Barkley et al., 2014; Dunlosky et al., 2013; Gates et al., 1997;
Oxford, 1997) that span across the entire development process, and are described in Section 4.1.

4.1 GENERAL LEARNING STRATEGIES AND TOOLS OF METHODOLOGY
This section describes how learning strategies and tools are applied to the proposed
methodology. In particular, this section describes those strategies that are used throughout the
entire process of the proposed methodology. Strategies that are used only in specific steps are
discussed when each one of the steps are introduced. The description of each learning strategy
discussed in this Chapter can be found in Chapter 2, Section 2.3.
Directed instruction is used in the proposed methodology by requiring facilitators to
deliver clear instructions to the IDR team. This could be a joint partnership between an semantic
expert and an instructional leader. Facilitators help in guiding and accelerating efforts for the
duration of the development process. A semantic expert(s) is needed to guide discourse such that
necessary semantic descriptions are generated. An instructional leader is needed for the effective
management of people, resources and learning activities in a way that promotes the active
learning, and engagement among participants.
Articulating reasoning and self-explanation in this methodology is used by having
participants continuously exposed to activities that will require articulating their thoughts out
loud to other participants in the group. Taking turns in performing this in an ordered fashion
helps in the organization of the entire process. Although the composition of the team is expected
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to integrate people who represent the project’s range of expertise and are enthusiastically
involved in the process, full dependency on instructional leaders in this particular scenario is
instrumental for the efficacy of the strategy. Instructional leaders are required to generate
positive discourse, supervise interactions, and promote participant’s involvement. Similarly,
semantic experts are required to keep discussions guided towards the right direction.
Constructive interrogation is used in this methodology under the supervision from both
leaders, either by asking probing questions or by building an environment that will allow
participants to construct their own and answer them during discussions.
Distributed practice, which refers to the decomposition of the overall project, is mapped
to this methodology by decomposing the development process of the ontology in several
components. In this sense, the entirety of the development process is decomposed in steps,
accompanied by parallel activities that support each component. At the same time, some steps in
the methodology are further separated into other additional components. Educational literature
suggests that there are better odds for success in learning activities when the material is learned
in smaller chunks, and repeated iteratively (Dunlosky et al., 2013).
Timing constraints in this work is used similar as in education settings. Participants of the
IDR team work for a limited period of time designated by the facilitator(s). This time restriction
adds responsibility in meeting goals on schedule, which fundamentally helps in focusing on the
outcome without diverging on topics that are off-course.
In research groups that are large in size, dividing the group into smaller teams can
potentially help in maintaining order in general discussions while allowing all learners to be part
of the process. Preferably, group formations should start with ability/expertise groups and follow
up with group rotations to form stratified groups using the jigsaw technique. Group rotations are
an additional necessity for this type of activity, so that every member is given the opportunity to
interact with other members of the IDR group.
Scaffolding in this work is used for initial iterations in the methodology, where most
meetings require structured activities to have participants overcome some of the initial
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challenges in IDR. This initial support, or scaffolds, becomes unnecessary in later iterations of
the methodology.
To use the proposed methodology, it is highly recommended to conduct a series of
workshops, where participants engage in structured tasks to externalize, share, and discuss their
knowledge in ways purposely designed to incorporate the above learning strategies.
The remainder of this section describes the steps of our methodology. Each step is
described both in terms of the ontology development process and the accompanying learning
strategies associated with it. Both are described in depth, and illustrated with a motivating
example from the recently formed smart cities team11. Researchers at The University of Texas at
El Paso (UTEP), USA, University of Guadalajara (UDG), Mexico, and Czech Technical
University (CTU), Czech Republic form this interdisciplinary group that aims to conduct
research that will advance the knowledge associated with transforming cities into smart cities.
This group is composed of researchers that differ in areas of expertise, disciplines, cultural
background, and geographical regions. The consortium expects that this collaborative,
interdisciplinary effort will result in development of tools and techniques that are transferable to
cities of all sizes, and at different steps of economic growth (Villanueva-Rosales et al., n.d.).

4.2 STEP 1: PROBLEM STATEMENT
The first step of the methodology is to define the problem statement. Collaborative
ontology development methodologies usually start with an analysis of the domain to be captured
by the ontology. In IDR collaborations more than one domain is covered.

Therefore, the

proposed methodology guides the participants to define the research problem addressed by the
IDR team. If needed, it is also recommended to identify the expertise and resources that are
needed to address the research problem. During problem statement, the IDR team formulates a
well-defined problem if none has been previously determined. Goals of the team are developed
11

More information about the smart cities community at: www.expertise.utep.edu/communities/smartcities.
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through active communication of what members can contribute to the overarching research topic.
Explicitly stating the scope and goals enables envisioning the purpose and design outcomes of
the initial ontology. This step incorporates the initial development of competency questions (Noy
et al., 2001). Competency questions, in ontology development, are those questions that are to be
answered by the resulting ontology. These types of questions in this context will guide the
discussions that members of the collaborating group have during their interactions. Formally
declaring the research’s goals and objectives as explicit questions enables a better understanding
of the problems that the group is trying to solve, the challenges they may encounter, and how to
best tackle these challenges.
The learning strategies and activities that are associated with problem statement include:
summarization, explicit articulation of reasoning, annotation, and documentation. Having
facilitators explain and give clear directions prior to teamwork is essential. Additionally, having
these instructions clearly defined in supplementary tools such as handouts so that participants
can have extended information about the expected directions or outcomes is beneficial.
Explicitly stating the domain problem is expected from participants as it helps learners determine
what is required in later iterations of the steps. Summarization is used to produce a draft
documentation of the goals of the IDR group.
In the context of the smart cities team, examples of initial discussion questions were:
What is your area of expertise? And what resources can you share? These helped identify each
member’s potential contributions, which can then inform the development of specific research
questions formulated in later iterations of the participatory cycle. After some discussion, the
participants reached a consensus on the competency questions that would help guide the
development of the ontology. This ontology aimed at identifying expertise and resources to
inform participants on the strengths they possessed as a team, which could guide the proposal of
projects. These competency questions included:
•

Who has expertise in X area?

•

How a topic X is related to Y?
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•

Which resources are available at UTEP?

•

Which educational programs are available to learn about Y?

•

What funding opportunities are available for X field

•

What are the components of X?

•

Who can contribute to solve problem X?
One of the initial goals of the smart cities group was to build a semantic-enabled

cyberinfrastructure (i.e., based on ontologies) to connect the varied expertise, resources and data
available within the universities. This first goal was addressed in a series of three workshops that
were conducted face-to-face and via videoconference.

4.3 STEP 2: KNOWLEDGE ELICITATION
Step two resembles traditional knowledge elicitation process used in current collaborative
ontology development methodologies. During this step, participants enumerate, select, and
define important terms to be added to the ontology, i.e. ontology classes. Concepts or terms that
are relevant to the competency questions and goals arise during this step and are documented for
further use. The product of this step is the compilation of a baseline, draft taxonomy of classes or
terms.
The learning strategies and activities that are proposed with knowledge elicitation
include: ability grouping, roles, manipulative instruments, brainstorming, and modeling.
Manipulative instruments, such as note cards, sticky notes or a set of whiteboard/marker/eraser
are used to accelerate the annotation of ideas, which is commonly referred to as brainstorming in
educational scenarios. If participants are separated into smaller groups, it is suggested that they
are initially divided by similar area of expertise or research interests i.e. “expertise groups” to
create small learning communities. This facilitates identification of shared knowledge within
their area of expertise as it relates to the research questions being posed. During small group
conversations, concepts relevant to the research project arise and are documented. Within these
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groups, the assignment of distinctive roles is suggested for each group participant e.g. leader,
documenter, timekeeper, devil’s advocate, etc. Roles encourage positive interdependence,
interaction, and group processing (Gates et al., 1997). Lastly, modeling is a strategy that allows
for learners to know what is anticipated. Modeling can be best achieved by having the facilitator
give examples and suggestions of the expected outcome.

4.4 STEP 3: KNOWLEDGE ORGANIZATION
During knowledge organization, the participants determine properties or relations,
hierarchical structures, and deeper meaning of concepts and relationships. This step can be
achieved by identifying closely related concepts and their relationship with others. Clusters are
then created based on these relations, and in terms of their hierarchical value or relationships. In
IDR settings, individual expertise of participants may be linked to the concepts or clusters that
are most closely related. This helps in tracking the expertise that the team can provide as the
problem space evolves.
In this step, the proposed learning strategies and activities are: graphical visualizations
i.e. concept maps, jigsaw technique, stratified groups, presentations and integration of results.
After a first session of organizing their “draft ontology” within initial ability groups, rotations
take place, utilizing the jigsaw technique. This is achieved when new groups are created by
having one member from each previous group join together and form a new, stratified group
(heterogeneous group). A participant from each prior group is selected to verbally explain the
product their team discussed, why some concepts were strategically selected, and the importance
of those terms to the overall research. This process yields a common, integrated vocabulary,
visually represented as a draft concept map. Concept maps are a type of knowledge
representation that facilitate the exploration, manipulation, and visualization of terms used in a
particular problem area (Novak & Wurst, 2005). Concept maps are widely used in collaborative
ontology development for the purpose of easily capturing, manipulating and visualizing terms
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and their relationships – especially with ontology users who have limited ability to understand
formal ontology representations (Pennington, 2010). Because of the similarities between concept
maps and ontologies, concept maps are used as a preliminary method for semantic discovery. We
use concepts maps in this way. However, our use of concept maps differs in that we also
leverage the capabilities of concept maps for improving learning. This strategy is widely
recognized in educational settings and learning environments where students acquire new
knowledge and engage in externalizing their own (Hall et al., 2014). Such tools can also benefit
learning in IDR teams, where participants must learn complex concepts and vocabulary from
each other’s disciplines (Pennington, 2010), (Pennington, 2011a). In our methodology, we utilize
concept maps as tools for interdisciplinary collaboration and participation, helping members to
become active learners of each other’s knowledge. The success of this activity is largely
dependent on quality of team participation as a whole, through active feedback and concept
clarification from domain experts. It is important to note that this step is highly iterative and
constant concept map revisions and validations are necessary to reach a satisfactory model.
These revisions are produced during consecutive interactions where all members of the team
verbalize or communicate their inputs.
During a second smart cities workshop we had participants generate these concept maps
on cardboards, utilizing sticky notes as manipulative instruments. After the workshop, these were
translated into a concept mapping software package. We use the Virtual Understanding
Environment (VUE) tool (Kumar & Schwertner, 2008) for this purpose. At the end of the two
different workshops, a ‘formal’ concept map was created and shown to participants, which after
agreement, was used as the final version of their work.

4.5 STEP 4: CONCEPTUALIZATION
Structuring and formalizing the draft concept map into an ontology using a formal
ontology language is the next step in the proposed methodology. We recommend the use of the
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Web Ontology Language (OWL), as it is part of the stack of the W3C12 recommendations related
to Semantic Web (McGuinness et al., 2004). In general, since RDF is a language that is stored in
triples (i.e. subject, predicate, object), and concept maps are written in proposition structure (i.e.
concept, link-word, concept) (Simón, Ceccaroni, & Rosete, 2007), we can say that there are
certain similarities that exist that can facilitate the formalization, given that OWL is an extension
of RDF. In this sense, concepts can be mapped to classes that represent entities or activities and
aligned to general concepts of upper level or cross-domain ontologies, if appropriate.
Relationships between concepts can be mapped to either object properties or data properties
(Simón et al., 2007). Data already identified in the previous steps can be mapped into instances
of the ontology. Nevertheless, this step still deeply requires the presence and careful analysis of
ontologists to develop the alignment from the informal model that the concept map provides, to
the formal representation of the initial draft ontology, since knowledge represented in OWL is
more complex than that of RDF.
Some learning strategies and activities to be performed during this step include the use of
discussions of how and if the ontology aligns with the scope, goals and competency questions.
Additionally, constant feedback from participants is needed for the successful fulfillment of this
step.
The smart cities team created an OWL ontology illustrated in figures 4.2-4.4 using the
ontology editor in Protégé (Noy et al., 2003). The initial ontology was refined using concepts
from the International Organization for Standardization (ISO)13 and the British Standards
Institution (BSI)14 standards.

12

The World Wide Web Consortium (W3C) is the main organization for the World Wide Web; it develops open
standards for the web. More information at: www.w3c.org.
13 International standard-setting body, information available at: www.iso.org.
14 Service provider, its principal activity is to produce standards and its related services, information available at:
www.bsigroup.com.
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Figure 4.2: Classes of the ontology created by the smart cities group

Figure 4.3: Relationships of the ontology created by the smart cities group
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Figure 4.4: Instances, definitions, and inferences of the ontology created by the smart cities
group

4.6 STEP 5: REFINEMENT
During this step, an evaluation of the ontology by the community and ontology
development experts is performed. This process is distinguished by the development of use cases
and by extension or modifications to the ontology, concept map, and/or to the research questions.
It is important to note that all these steps are iterative and can be performed numerous times
before a satisfactory ontology is finalized.
The learning strategies applied during this step include: the discussion of suggestions and
ideas that arise during improvements to the ontology structure, explaining and justifying their
respective opinions on why these modifications or improvements were suggested, a deep
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analysis on the initial goals and competency questions and how or if these are reflected on the
current product followed by an adjustment on the ideas and/or the ontology.
The first iteration of the smart cities ontology implementation is complete and
competency questions can be queried using the resulting ontology. The following figures show
sample answers to these questions using SPARQL15 queries (Prud’Hommeaux, Seaborne, &
others, 2008).

Figure 4.5: Query on the question: who has expertise in X area? In this example, the area of
interest is collaboration across institutions

Figure 4.6: Query on the question: how topic X is related to Y? In this example, infrastructure is
matched with sustainability

15

SPARQL is a semantic query language able to retrieve and manipulate data stored in RDF format.
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Figure 4.7: Query on the question: what resources are available at UTEP?

Figure 4.8: Query on the question: what are the components of X? In this example, we query the
components of infrastructure

The ability of the ontology to answer competency questions can be used as an initial
evaluation of how good the ontology has fulfilled its purpose from the perspective of the final
users.
As a summary, Table 4.1 shows both the steps in ontology development and the learning
strategies used specifically for IDR scenarios. Additionally, Table 4.2 shows an interpretation of
how the enhanced ontology development process can help in specific IDR challenges.
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Table 4.1: Summary of our proposed methodology and strategies performed both at each
step, and at the methodology level
Strategies used at each step of methodology
Step

Step outcome overview

Learning strategies performed

Step 1. Problem Statement

Analyze domain to be captured
Define problem
State scope and goals
State competency questions

Articulate reasoning
Summarization
Annotation
Documentation

Step 2. Knowledge Elicitation

Define important terms
Align terms with competency
questions
Compile baseline taxonomy

Ability/expertise groups
Role assignment
Manipulative instruments
Brainstorming
Modeling

Step 3. Knowledge Discovery

Step 4. Conceptualization

Step 5. Refinement

Determine properties (relations)
Create a hierarchical structure
Extract meaning
Align expertise (IDR)

Graphical visualizations
Concept maps
Jigsaw technique
Stratified groups
Presentations

Draft OWL ontology
Map concepts to classes
Define relationships to properties
Associate data to instances

Evaluate ontology by IDR group

Discussions
Feedback

Discussions
Explaining and justifying opinions
Analysis, reflection, adjust and
iteration

Strategies used throughout methodology
Directed instruction, articulating reasoning and self-explanation, constructive interrogation, distributed
practice, timing constraints, group divisions, scaffolding

30

Table 4.2: Summary of the elements of the proposed methodology and the IDR barriers it
addresses
IDR Barriers
High diversity of membership

Ontology Development and Strategies
Develop a common ground vocabulary that
everyone understands and agrees to. Establish a
“knowledge base” for research.

Deep knowledge integration

Share knowledge as a visual representation.
Develop a concept map.

Goal misalignment

Make implicit knowledge explicit.
Specify and document goals.
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Chapter 5: Evaluation
The methodology was developed and evaluated during a total of five scenarios that
included: workshops, tutorials, and student orientations. These five scenarios provided diverse
settings: national and international conferences, and meetings at universities and research
centers. Participants of the study included those interested in attending these events, and
members of already established IDR groups or communities. Participants varied in discipline,
level of education, age, gender, country, language (although all of them were proficient in
English), and ethnicity. Some were meeting for the first time, namely those participants that were
conference attendees, and some had been working with each other for previous projects, or knew
each other at some level.
From these five different scenarios, preliminary work was carried out in two: a cybersecurity community workshop and a faculty tutorial at a national conference. The results of this
preliminary work were used to identify the challenges of IDR groups, develop first versions of
the methodology, and construct an evaluation strategy compliant with Institutional Review Board
(IRB)16 regulations.
Case studies were conducted in the remaining three scenarios: including a series of smart
cities community workshops, a student orientation, and a workshop at an international
conference. This chapter describes these five scenarios, along with the design of methods for the
methodology evaluation.

5.1 PRELIMINARY WORK
5.1.1 Cyber-Security Community Workshop
The first version of the proposed methodology only included learning elements such as:
manipulative instruments, general discussions, and the creation of small groups. It also only
described very general steps in the ontology development process, for example: the generation of
16

Review board for conducting research that involves humans.
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terms and the relationships that exist between them. This version was applied during a workshop
held with the cyber-security community at the University of Texas at El Paso (UTEP)17. This
community, at the time of their first meeting, was composed of about 12 members. Members of
this community ranged from disciplines from computer science, electrical engineering, criminal
justice, and national security.
As described, during this meeting, few were the components that were assessed that
relate to the methodology structure as it is today; however, it served as a confirmation of the
diversity of vocabulary that exists between IDR team members. We observed the impact of not
producing well-defined goals or competency questions, which influenced the teamwork and the
outcomes of the workshop. In addition, we were able to observe the need for more structured,
organized activities to support collaboration. The result of such observations was the
investigation of proven effective learning activities and strategies, and their later incorporation to
the methodology as it is today.

5.1.2 CAHSI Summit Faculty Tutorial
The second version of the proposed methodology added most of the remainder of the
learning strategies for problem statement, knowledge elicitation, and knowledge discovery. This
version was used during a faculty tutorial, which was part of the program for the Computing
Alliance of Hispanic Serving Institutions (CAHSI)18 Summit on the summer of 2015, in Puerto
Rico. In this faculty tutorial, around 30 participants went through the process of problem
statement, knowledge elicitation, and knowledge discovery as strategies to initiate and define
collaboration opportunities among its participants. Some of the activities carried out at this
workshop inspired the deliberate use of learning strategies in the proposed methodology.
17

More information about the cyber-security community at the University of Texas at El Paso available at:
www.expertise.utep.edu/communities/cybersecurity.
18 CAHSI is a consortium of Hispanic-Serving Institutions (HSIs) committed to consolidating efforts of
organizations that share the core value of increasing the number of Hispanics in computing areas. More information
about CAHSI available at: www.cahsi.cs.utep.edu.
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5.2 CASE STUDIES
5.2.1 Smart Cities Team
The first case study was applied with the smart cities team used as the illustrative
example for the methodology’s steps. Researchers at The University of Texas at El Paso (UTEP),
USA, University of Guadalajara (UDG), Mexico, and Czech Technical University (CTU), Czech
Republic, formed a consortium to conduct research that will advance the knowledge associated
with transforming cities into smart cities (Villanueva-Rosales et al., n.d.). Thus, this team
provides an interesting combination of ethnicities, cultures (both social and at research), and
languages. These differences become more evident in their practices and expectations. For
example, U.S. researchers are more driven to explore funding opportunities, while Mexican
researchers (at least in this group) were more focused on establishing collaborations with
industry. European researchers were more interested in student opportunities.

Additionally,

researchers of this team have expertise in the following areas: structural engineering, intelligent
transportation systems, telematics, logistics, semantic web, software engineering, data analytics,
image processing, systems engineering, quality management, and security and optimization
(Villanueva-Rosales et al., n.d.).

Hence, this team is also highly interdisciplinary and

particularly suitable for evaluating the proposed methodology. This group is composed of about
12 members. Two different workshops were held for the completion of the full ontology
development process at its current version. The first workshop was held with aid of electronic
modes of communication, as half of the participants joined from different parts of the world,
specifically from Prague, Czech Republic and Guadalajara, México. This first workshop was
held at UTEP, and lasted about two hours total. The steps successfully completed during this first
meeting were problem statement, and knowledge elicitation. The second workshop was held in
Guadalajara, México at the University Center of Economic and Management Sciences (CUCEA,
in Spanish), a division of the University of Guadalajara. Most of the smart cities’ team members
were able to attend this second smart cities team meet-up. One of the activities scheduled during
this meet-up in Guadalajara, was the ontology development workshop. This second workshop
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lasted for about two and a half hours; the rest of the steps in the methodology were completed
during this time. A total of seven surveys were gathered for evaluating purposes from this IDR
team. More information about the two smart cities workshops can be found in Appendix A.

5.2.2 Cyber-ShARE Orientation (Educational Setting)
A second study was generated from an orientation held at the Cyber-ShARE Center of
Excellence19 from the University of Texas at El Paso (UTEP). Students associated with the
center were invited to attend the orientation via email. Orientation attendees included
undergraduate or graduate students that conduct research for the center. These students come
from disciplines from computer science, electrical engineering, geology, mathematical sciences,
and geophysics, making it an ideal test bed for IDR group collaborations. There were a total of
29 students that participated in the orientation, and 24 surveys were gathered for the evaluation
of the methodology. The duration of the orientation was of about three hours. During this time,
participants were given more information about the Cyber-ShARE Center’s mission and vision,
and about interdisciplinary research as related to the center. After this time, students followed the
first three steps of the methodology, namely problem statement, and knowledge elicitation, and
discovery. Students were instructed to either develop a concept map (which can serve as a roughdraft ontology, given the time constraints of the workshop) from their current research at the
center, or from research that they might find interesting to conduct at the center. More
information about the Cyber-ShARE orientation can be found in Appendix B.

19

The Cyber-ShARE Center of Excellence conducts research on the integration of knowledge, models, and data in
collaborative context, especially across disciplinary and organizational boundaries. More information at:
www.cybershare.utep.edu.
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5.2.3 First IEEE International Smart Cities Conference Workshop
The IEEE International Smart Cities Conference (ISC2-2015)20 was held on October of
2015 in Guadalajara, México (the “Silicon Valley of México”). ISC2 is the first premier annual
conference sponsored by the IEEE Smart Cities Steering Committee. A workshop proposal was
submitted to the conference and accepted as part of the program. Participants of the workshop
were voluntary conference attendees that found the topic of the workshop interesting and wanted
to participate. Eleven were the total attendees of the workshop, from which there was a wide
range of team compositions. Attendees varied in nationality, discipline, gender, language, culture
(both social, and at research), and age widely. There were attendees that came from institutions
from Australia, Brazil, México, and the United States. Their disciplines varied from civil
engineering, electrical engineering, systems engineering, and computer science. From these
eleven attendees, four agreed to participate in the surveys for this evaluation. More information
about the workshop at the ISC2-2015 conference can be found in Appendix C.

5.3 METHODS FOR EVALUATION
For all case studies mentioned, all participants were given a consent form to sign at the
end of the workshops (Appendix D). The consent form provided information, risks and benefits
of the study, as well as outlined their confidentiality and voluntary participation. If the member
agreed to participate in the evaluation, they were administered a survey in which they evaluated
the efficacy of the methodology in different ways. Appendix E contains a sample of the survey
developed, and answered by participants. The survey contained questions that used a five point
Likert21 scale of agreement. Participants were asked to provide an agreement level to different
sets of statements about their experience with the workshop. This was done in an effort to
evaluate the effectiveness of the activities during the ontology development process. Other
20

Information about the first IEEE smart cities conference available at: www.sites.ieee.org/isc2. Resources and
information about the IEEE smart cities section at: www.smartcities.ieee.org.
21 Scaling method that measures either positive or negative responses to a statement. Responses in this survey used a
five-point scale including the following responses: strongly agree, agree, neutral, disagree and strongly disagree.
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questions prompted participants to select from a number of choices of practices that they
believed helped in the process. The other types of questions in the survey were open-ended
questions, where participants could give comments and feedback about their experience. We
were interested in discovering the usefulness of adding didactic elements to ontology
development, and consequently if these enhancements helped in the overall effectiveness of IDR
collaborations and knowledge negotiation as a whole. For this purpose, certain elements were
chosen that are relevant to ontology development, more specifically, the use of competency
questions and concept map modeling prior to ontology implementation. We believed both were
major components in ontology development processes, and also both aligned well in IDR team
collaborative practices. For this reason, the survey was divided in four major areas: previous
interdisciplinary involvement of participants, competency questions, concept maps, and
summary of their experience during the study.
It is important to note that there is a discrepancy between the total number of participants
and the surveys gathered for evaluation. This is due to several external circumstances. One of
these circumstances is that the survey was completely voluntary. Another is that some may have
agreed to the evaluation, but either did not sign the consent form, or did not complete the
evaluation.

5.4 LIMITATIONS
The survey administered to participants contains some limitations. One of these
limitations is that it asks participants to evaluate the effectiveness of the workshop in helping
them reach their goals. We acknowledge that this question may be somewhat ambiguous and can
be understood to mean different things for each participant. Additionally, given the time
restrictions for each workshop (at most three hours per workshop) it is unlikely that at the end of
this short period of time concrete goals will be reached. Another limitation is that we aim to
assess the facilitation of knowledge negotiation in IDR teams; however, we understand that in
37

order to evaluate ‘facilitation’, we need a way of comparing two different approaches i.e.
evaluating a pre-survey vs. a post-survey. Although future work will require a better design for
evaluation, we believe that the results described in this chapter do give valuable information
about the effectiveness of incorporating learning strategies and tools in ontology development for
IDR collaborations. Specifically, in Section 6.1.5 we describe some participant’s comments
addressing how these facilitated collaboration in comparison to other IDR groups they have been
part of.
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Chapter 6: Results and Discussion
This chapter presents the results of the evaluation performed in the three case studies mentioned
in Chapter 5. The total number of surveys gathered from participants is 35. Most of the
participants surveyed have conducted or are conducting scientific research, either as students
(undergraduate and graduate), or as faculty at varied institutions around the world. 83% of the
participants were male, and 27% were female (all females were students at the Cyber-ShARE
orientation). This low number in female population was expected, as most disciplines
encountered in these IDR groups were a branch of, or related to engineering.
The percentages displayed in these results were normalized in order to account for
questions left blank by participants or answers that could not be correctly identified (i.e. having
two answers for one-answer only questions, etc.), allowing for the comparison of data that has
value to the research.

6.1 SURVEY RESULTS
6.1.1 Previous Interdisciplinary Involvement
Survey responses show that 71% of participants had collaborated with one or more of the
group members previous to the workshops. This high number was expected as the majority of the
smart cities team had worked on a previous (unrelated) project (about 85% of the surveyed smart
cities members), and many of the Cyber-ShARE students have worked or are working within the
same research groups/projects22, e.g. the iLink23 or the iFuse research group (80% collaborated
with at least one other member before the workshop). Similarly, 71% of participants indicated
that they were members of an interdisciplinary research group prior to the workshop; from this
number, 88% of those who had worked with others members indicated also had worked in IDR
groups.
22
23

A list of Cyber-ShARE projects available at: www.cybershare.utep.edu/projects.
www.ilink.cybershare.utep.edu.
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6.1.2 Evaluation Focused on Competency Questions
Competency questions, as defined in Chapter 4 (Section 1), are an important part of
ontology development methodologies since they guide the design and help to evaluate how well
the ontology fulfills its purpose. Previous work, including “Ontology Development 101: A Guide
to Creating your First Ontology” (Noy et al., 2001), and “Ontologies: Principles, Methods, and
Applications” (Uschold & Gruninger, 1996), use these kinds of questions to frame the
requirements of the ontology, e.g. questions that the ontology is intended to answer, based on its
design purpose. In this work, we also evaluate the use of competency questions to validate the
usefulness of the methodology in terms of some aspects of IDR collaboration. For example, we
evaluate them in terms of how well competency questions allowed them to frame a common
vocabulary. Figure 6.1 shows a summary of the statements in the survey around the use of
competency questions during this work. 80% of the participants either agreed or strongly agreed
that competency questions were instrumental to define the goals of the team, and 77% strongly
agreed or agreed that competency questions were instrumental to achieve the goals of the team.
Also, around 80% either agreed or strongly agreed that these facilitated the definition of a shared
group of terms, which can be applied to both the context of ontology development, and the
creation a common, integrated vocabulary among participants during collaborations.

19%

13%

19%

16%

35%

6%

58%
61%
a)

b)

45%
c)

Figure 6.1: Percentages for the statements that competency questions: a) were instrumental to
define goals, b) were instrumental to achieve goals24, and c) facilitated the
definition of a shared group of terms.

24

See section 5.4 describing the limitations in this particular question.
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These results validate the usefulness of competency questions in IDR scenarios for
problem scoping in a similar way to how they are used in ontology development methodologies.

6.1.3 Evaluation Focused on Concept Maps
Concept maps, as described in Chapter 4 (section 3), are a widely used method that
facilitates manipulation, visualization, and organization of knowledge, and have been identified
as valuable material artifacts within IDR settings (Pennington, 2010), (Pennington, 2011b). In
addition, such artifacts have been used in ontology development because of their similarities with
ontologies (Fox & McGuinness, 2013), (Simón et al., 2007). Our evaluation on concept maps is
based on both of these aspects of the methodology’s collaborative work environment, and on
finding their didactic value in the methodology e.g. if they improve learning in these settings, or
if they help in externalizing and sharing knowledge. Figure 6.2 shows a summary of the
statements in the survey around the use of concept maps. Around 74% either agreed or disagreed
that concept maps represented their own perception of the research problem, and 77% positively
believed that they were instrumental in achieving their research goals, both statements may also
be relevant to helping in goal misalignment (a mentioned IDR barrier). Also, around 82% of
participants positively believed that concept maps were helpful in sharing knowledge to other
researchers.
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19%

13%

16%

21%

14%

29%
55%

61%

48%
a)

b)

c)

Figure 6.2: Percentages for the statements that concept maps: a) represented the perception of the
research problem, b) were instrumental to achieve the research goals25, and c) were
helpful in sharing knowledge to other researchers

6.1.4 Activities
An additional question prompted participants to indicate which of the following
exercises, if any, they believed were most beneficial in developing positive collaborations with
their team members. Participants could select more than one answer for this question. Figure 6.3
shows a summary of the answers gathered. The numbers at the bottom of the columns
correspond to the enumeration of exercises below.
1. Use of guiding competency questions
2. Small group discussions
3. Exposing concepts of interest
4. Developing concept map
5. Whole community dialogue
6. Developing an ontology
7. Exchanging knowledge

25

See section 5.3 for limitations in this particular question.
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Figure 6.3: Evaluations of strategies according to participants. Top three answers highlighted: 2)
smaller group discussions, 4) developing a concept map, and 7) exchanging of
knowledge
The top three activities selected by participants include: small group discussions (49% or
participants selected this as an answer), developing concept maps (57%), and exchange of
knowledge (49%). The activities highlighted by participants include those that provide more
instructions and focus on the human-to-human interactions that are generally left out in previous
work around ontology development. These three answers were also selected as the top answers
by participants that have worked in an IDR group before, the most prominent being small group
division in this case (64%).

6.1.5 Overall Experience
As a general assessment, participants were asked two questions about their thoughts on
their overall experience. The first of these asked for a level of agreement on whether they
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believed the workshop was effective in externalizing or communicating their knowledge across
disciplines. As shown in Figure 6.4, 56% agreed on this statement, and 26% strongly agreed, that
is, a total of 82% positive answers towards achieving good collaboration during this workshop.
Further investigation is to be conducted on the reasoning behind those who either disagreed
(4%), or strongly disagreed (7%). A suggestion for future work is to have an open answer box in
this particular question so that participants can also explain why they agreed or disagreed to the
statement. Possible reasons behind these disagreement percentages are described in the next
section.

26%

7%

56%

Figure 6.4: Percentages to the statement that workshop was effective in
externalizing/communicating participants’ knowledge
The second was an open-ended question asking participants to describe how their
experience was working with this particular IDR team, as opposed to working in other IDR
teams, if they had previously worked in one. The following are some answers gathered from the
surveys:
•

“Both have had different levels of difficulty, but the time constraints of the activity really
helped put all into perspective much faster than in outside research projects”

•

“In this group there was better control on individual participation, on my other groups
people tend to fall out of the scope of the goal”

•

“It can be difficult to communicate due to the different knowledge bases and some things
are taken for granted that do need to be explicitly explained”
44

•

“The project was different and our discussion in this time was more organized”

•

“In this community we took time to describe each other’s fields. In previous, we did not
take this time to understand others”
Participants that had a previous experience in IDR groups emphasized that the

combination of learning strategies with ontology development in interdisciplinary group settings
was advantageous for collaboration. For example, having participants work for a purposefully
limited period of time on each task was described as helpful in developing faster outcomes.
Additionally, two of these comments discuss the issue of organization and control so as to not
diverge from the research goals. Another comment addresses the issue of communication and
vocabulary mismatch, and how explicitly stating your knowledge can help in better
understanding each other. All these indicate that some of the additions incorporated into
ontology development did help in some way to learning, organization, and overall collaboration.

6.1.6 Participant Suggestions
The last question of the survey prompted participants to give their comments or feedback
on how to improve future workshops. Some of the answers gathered with this question were the
following.
Improvement suggestions:
•

“A little direction regarding the selection of the research project would be helpful”

•

“Working examples of ontologies”

•

“More examples”

•

“It was a great experience, maybe a bit more diversity in the groups, i.e. different
disciplines would enhance it more”

Some comments, both positive and negative, included:
•

“It was helpful to encourage dialogue so that the different disciplines can begin to
understand each other’s perspectives”
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•

“This was a good workshop. It helped me to relate better throughout interdisciplinary
research”

•

“Experience was very good”

•

“A member of the group killed the last part of the workshop! ... He stopped
collaborating!”

•

“This felt like a 3 hour class”
The last two comments provided insight on possible causes for disagreement levels on

previous questions. One major barrier in the knowledge negotiation process in IDR groups (and
ontology development) is the participant’s engagement in the process. Members that do not feel
a purpose or connection to the outcome of the research may not see the process as relevant, or
may lack incentive to participate actively. Because most of these workshops revolved around a
research problem given to (or defined by) the participants at that time, some may not have felt an
interest in contributing. This is true in any type of educational setting. Thus, it is suggested that
there is strong, motivating leadership in these types of interactions.
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Chapter 7: Conclusions
7.1 OVERVIEW OF WORK
The proposed methodology extends previous work in collaborative ontology design by
incorporating active learning strategies to support the knowledge negotiation process in IDR
teams. To evaluate how this methodology supported knowledge negotiation in IDR teams, we
applied the methodology in three different interdisciplinary scenarios. Members of each IDR
scenario varied in nationality, discipline, gender, language, cultures (both social, and at
research), and age. The results of the evaluations indicate that the integration of learning
activities and strategies, such as concept maps, time constraints, and organizing a set of
predefined activities, has facilitated collaboration across team members and development of
common research goals. These activities are key in the knowledge negotiation process, which
aims to build shared, common understanding among a group of people. Thus, we suggest that
new methodologies such as this one are needed to overcome the “cultural” challenges found in
IDR group collaborations, and ultimately develop a common framework for knowledge sharing.
Shared understanding across disciplines is a necessary precursor to development of formal IDR
ontologies that enable automated reasoning for data and model integration and the automated
generation of scientific workflows (Del Rio et al., 2013).

7.2 CONTRIBUTIONS
The contributions of this work can be summarized as follows:
1. Identification of effective learning practices for supporting collaborations in IDR teams.
2. The extension of current collaborative ontology development methodologies by
incorporating learning strategies to support knowledge negotiation in IDR teams.
3. The creation of workshops aiming to support knowledge negotiation in IDR scenarios.
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7.3 FUTURE WORK
The research work described in this manuscript explored how an ontology development
methodology enhanced with learning strategies can support knowledge negotiation in IDR
scenarios. Focus on the ontology development process was strategically selected, as it is the
focus of collaborative work, which is baseline in any IDR team. Future work will require
investigating how resulting ontologies further supports knowledge negotiation. We aim to
explore the ability of the IDR ontology in supporting decision-making, knowledge negotiation,
and/or analyses to answer specific scientific questions defined by the IDR teams. The latter claim
has been partially supported by the use of the current smart cities ontology to answer
competency questions stated and documented by the smart cities team. These questions were
answered using SPARQL (Prud’Hommeaux et al., 2008) queries in Protégé (Noy et al., 2003).
Samples to these queries are available in Chapter 4. This ontology can be further used to enhance
the Expertise Connector collaborative platform (“Expertise Connector,” n.d.). This platform is
aimed to assist as a dynamic tool through which people who share similar research interests
interact with one another sharing their ideas, resources and knowledge from their particular
domain of expertise. Future work could include the ability of the Expertise Connector’s built-in
communities system to find funding opportunities, shared resources, and identification of
expertise to areas of interest (both the last items already incorporated into the current ontology)
utilizing an extension of the smart cities ontology.
Efforts towards facilitating IDR research using IDR ontologies can potentially support
knowledge and data sharing across disciplines and automated reasoning for knowledge
negotiation processes and assist researchers in their increasingly complex endeavors.
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Appendix A
The first workshop with the smart cities group took place at the University of Texas at El
Paso (UTEP) on the summer of 2015, and lasted for about two hours. Two members from
Guadalajara, Mexico joined via Skype. One member from the Czech Republic was present in the
workshop, and participated in representation of two of his colleagues. The other members joining
the workshop were researchers from UTEP. The goal of the first workshop was to get to know
each other better for a successful start of this interdisciplinary group, establish a definition of
“smart cities” that all members agreed on, and initiate the ontology development process
(namely, the first two steps in the proposed methodology). To fulfill the goals of this workshop,
there were a total of three leaders: one that acted as the instructional leader guiding all activities
and discussions, the second acted as the semantic leader guiding the ontology development
process, and the third was a student responsible for gathering, summarizing, and documenting
information which helped in guiding the group members’ thinking process. The first activity
scheduled was to have members break into three different teams and discuss the established
definitions for smart cities from the International Business Machines Corporation (IBM)26 and
the Institute of Electrical and Electronics Engineers (IEEE)27. During these discussions, they
individually summarized information, extracted the important terms on each and annotated a
definition that best fit their mindsets on what a smart city involves. These discussions were
guided by two major questions to be answered: i) which definitions (IBM and IEEE) best aligns
with your perspective on smart cities? And ii) what should be added to the definitions, if
anything? After this activity, we gathered the whole group back again and a member from each
team presented their results to everyone else. The group came up with a definition that satisfied
all participating members. This was facilitated by having the educational leader write down a
summary of ideas gathered on a white board. This type of activity allows for easy visualization
and editions if necessary. When a learner is articulating their ideas, and they see it in written
26
27

IBM’s smart cities definition available on: www.ibm.com/smarterplanet/us/en/smarter_cities/overview
More information about IEEE’s smart cities definitions available on: smartcities.ieee.org

51

form (written by somebody else) – it helps them organize their thinking so that it is
understandable for everyone else involved. Additionally, this allows for other members to
contribute by giving feedback, asking questions, or commenting.

Figure A.1: Smart cities workshop 1, annotation
The proposed methodology was followed at this point. For problem statement (step 1),
the team discussed the scope of their expectations for this interdisciplinary group. These
discussions were again guided by two major questions: i) what are the problems that we want to
address as a team? And ii) what are some of the challenges that might arise? While researchers
were articulating their ideas, the student leader was assigned to write these down in her
computer. Similar to the previous exercise, summaries of ideas were written down for everyone
to contribute in the process. The notes documented by the student leader helped when revising
older comments. After a scope was defined, the group was now ready for step 2 and half of step
3 of the proposed methodology, namely knowledge elicitation and organization. During this
time, participants brainstormed a wide number of concepts and terms relevant to the scope of the
project. They wrote each one these terms on post-its for better management and visualization.
These were put in a wall that everybody could see and discuss. Clusters of related terms were
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formed and expertise of the members was aligned simultaneously either to these clusters or to
specific terms. Figure A.1 shows an example of this activity being developed.

Figure A.2: Smart cities workshop 1, manipulative instruments
The second workshop carried out with the smart cities group took place in the Smart
Cities Innovation Center, CUCEA in Guadalajara, Mexico on August 2015. This workshop was
the first time when most of the participants met face-to-face. The goal of this workshop was to
refine the concept map created in the first workshop by adding and revising specific topics of
expertise from current members and identifying potential members of the group. To fulfill the
goals of this workshop, a review of step 2, and the rest of step 3 of the methodology were
implemented as activities.
The first day of the workshop started with an introductory session that lasted 60 min.
total. This session included an icebreaker activity and an overview of relevant efforts at the
participant institutions (UTEP, UDG, and CTU).
The introductory session was followed by the refinement of the concept map created in
the first workshop and lasted a total of 90 min. The steps 1, 2 and 3 of the methodology (i.e.
problem statement, and knowledge elicitation and discovery) were explained again to remind the
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participants of the goals and tasks in these steps and inform new participants. The resulting
concept map was compared to the ISO28 and BSI29 standards for smart cities.
After a lunch break, the third session of the day focused on refining the concept map by
identifying resources relevant to the goal of the group in each institution such as laboratories,
partners, etc. Groups were formed based on common research interests of participants to identify
funding opportunities and research problems.
At the end of the second day the participants were given the survey included in Appendix
E. A total of 7 surveys were answered and are included in the result section of this manuscript.

Figure A.3: Smart cities workshop 2, part of concept map

28
29

International Organization for Standardization (ISO), www.iso.org
British Standards Institution (BSI), www.bsigroup.com
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Appendix B
The Cyber-ShARE orientation took place at the University of Texas at El Paso (UTEP),
at the Cyber-ShARE Center on October of 2015, with a total duration of three hours. The
mission of the Cyber-ShARE Center of Excellence, as stated in its website30, is “to become
nationally and internationally recognized for innovative cyber-enhanced research and education
to enable collaborative, interdisciplinary science and engineering”. Additionally, a goal of the
center is to train the next generation of interdisciplinary scientists and engineers with
cyberinfrastructure-based software and tools. One of the activities designed to fulfill this goal is
to coordinate a few workshops a year for the students, members and investigators associated with
the center. The proposed methodology was applied during one of these orientations organized by
the center. In this particular orientation, its attendees (total of 29) included undergraduate and
graduate students that, at the time of the orientation, conduct research for the center. The purpose
of this orientation was to provide students with more information about the center,
interdisciplinary challenges and its importance in learning collaborative practices for IDR
groups, and finally to provide insight for future projects that are of interest to the students and
that relate to the center’s mission and vision. At this workshop, there were three different leaders
that helped guide all activities and discussions, two instructional leaders and one semantic
expert. At the start of the orientation, the students received a brief presentation about CyberShARE’s mission and vision by one of the instructional leaders. During this presentation, the
leader encouraged constant input from the students, so as not to turn this part of the workshop
into a passive learning activity. Students were encouraged to participate by giving their points of
view, opinions, and answering and asking questions throughout the presentation. After this, they
were guided towards initiating the first step in the proposed ontology development methodology.
During the first step, problem statement, students were explained that they would be required to
choose a research problem that i) they were currently working on for the center, or ii) they

30

www.cybershare.utep.edu
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perceived would be a good research problem for the Cyber-ShARE to pursue. Because this
particular group of students was large in size, they were divided into smaller groups of about 5
people each to discuss these ideas further. They were divided into randomly selected groups, in
an effort to make more diverse, interdisciplinary mini groups. Once they were seated close to
their group’s members (in a way that they all faced each other), they were first explained the
purpose of the activities that would follow, and the expected outcomes of the orientation as a
whole. They were then given a folder that contained some handouts with specific information
about the first part of the activity. The first part of the activity used both the strategies of
supplementary tools (handouts with clear written information), and distributed practice.
Distributed practice in this workshop was achieved by decomposing the general outcome, i.e.
building a concept map representing an ontology, to several different achievable components.
This handout contained about 13 different steps with explicit instructions to follow. Each of
these steps had a time restriction attached for its completion. Figure B.1 shows an example of
one of these steps in the handouts.

Figure B.1: Demonstration of supplementary tools, e.g. handouts
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In these handouts, students were given clear instructions on the specific activity to
perform, all of which included some learning strategies and tools discussed in Chapter 2, and 4.
Figure B.1 shows an example of the implementation of role assignment. These instructions
included with steps 2 and 3 of the proposed methodology, namely knowledge elicitation and
discovery.
The second part of the activity, involved student presentation of their concept maps, their
discussions, and ideas for the center.
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Appendix C
The third workshop was held during the IEEE International Smart Cities Conference
(ISC2-2015) on October of 2015. The conference took place in Guadalajara, México (the
“Silicon Valley of México”). A workshop proposal was submitted to this conference to have the
opportunity to apply and evaluate the proposed methodology one more time. A similar approach
to the one held in the Cyber-ShARE Center of Excellence was performed during this workshop.
Participants of the workshop (about 11) included conference attendees that found the topic
interesting. The goal of the workshop was to find collaborating opportunities within smart cities,
and how to create a well-founded cyberinfrastructure that includes knowledge on creating a good
interdisciplinary research environment. For this purpose, at the beginning of the workshop,
participants were given a brief presentation on interdisciplinary research and the collaborating
opportunities that arise in smart cities. Three were the leaders that organized this workshop, one
instructional and two semantic experts. One of the leaders was responsible for the initial
presentation, where input from the participants was encouraged at all times. The participants
were then divided into smaller teams based on their discipline interest within smart cities and,
similar to the Cyber-ShARE workshop description in Appendix B, they followed the first part of
the activity by performing certain instructions that had as an outcome the creation of a concept
map that represented the initial ontology.
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Appendix D
Knowledge Negotiation through Concept Maps and Ontologies for
Interdisciplinary Research Groups
Information and Consent Form
Introduction:
This research is being conducted by Norma Rivera, a Computer Science graduate student at
UTEP under the supervision of Dr. Natalia Villanueva, faculty member part of Cyber-ShARE,
Center of Excellence. Please read this form and ask questions before you agree to be in part of
the research activities.
Background Information:
The goal of this research is to create a methodology for the creation of ontologies from shared
mental models as well as to define the role of ontologies in knowledge negotiation and
integration in interdisciplinary research (IDR) group settings.
Procedures:
As part of being an interdisciplinary research group member, you will be participating in a series
of workshops, where you will go through a series of tasks to discuss, share and externalize your
knowledge on your area of expertise. During this time, concepts relevant to the community’s
research project will arise based on the competency questions proposed by all members. The
whole community, mediated by the workshop instructor, is responsible for the analysis of the
concepts discussed, their relevance to their research project and how they are related to each
other. A cluster of related concepts will be created, and eventually a common vocabulary from
these concepts will be visually represented as a conceptual map and IDR ontology will arise.
These ontologies will be used to investigate their relevance in IDR group collaborations,
knowledge negotiation processes, data integration and their ability to answer specific research
questions.
Risks and Benefits:
There is no risk associated with individual’s participation during this research.
Compensation:
There is no compensation associated with this research.
Confidentiality:
Your participation in this research will be confidential. In any written reports or publications, no
one will be identified or identifiable and only group data will be presented.
Voluntary Nature of the Research:
Although participation in activities is encouraged by all members of the team, it remains
completely voluntary. Your decision whether or not to participate will not affect your future
relations with Cyber-ShARE in any way.
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Contacts and Questions:
If you have any questions, please feel free to contact me, Norma Rivera, at
nrivera3@miners.utep.edu. You may ask questions now, or if you have any additional
questions later, we will be happy to answer them.
You may keep a copy of this form for your records
Statement of Consent:
You are making a decision whether or not to participate on activities during the series of
workshops. Your signature indicates that you have read this information and your questions
have been answered. Even after signing this form, please know that you may withdraw from the
research at any time.
_____________________________________________________________________________
_
I consent to participate in the research.
_______________________________________________________________________
Signature of Participant
Date
_______________________________________________________________________
Signature of Researcher
Date
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Appendix E

Survey Administered to Participants
Previous Experience with Interdisciplinary Research Groups
1. Have you actively collaborated with any of the group members previous to the workshop?
2. Were you a member of any interdisciplinary research community prior to this group?
3. Why do you think that working in interdisciplinary research groups is important for your
research?
4. What exercises held during the series of workshops do you believe were most effective in
developing collaborative work among your group members?

Use of guiding competency questions
Smaller group discussions
Exposing concepts of interest
Developing a concept map
Whole community dialogue
Developing an ontology
Exchanging data and knowledge
5. Have you used concept maps or ontologies previous to the series of workshops?

Use of Competency Questions
On a scale of 1 to 5, 1 being "Strongly Disagree" and 5 being "Strongly Agree", provide an
agreement level for the following statements:
6. The use of competency questions was instrumental to define the group’s research goals.
7. The use of competency questions was instrumental to achieve the group’s research goals.
8. The use of competency questions facilitated the definition of a shared group of concepts among
the group.

Use of Conceptual Maps/Ontologies for Knowledge Representation and Negotiation
On a scale of 1 to 5, 1 being "Strongly Disagree" and 5 being "Strongly Agree", provide an
agreement level for the following statements:
9. The process of creating a shared concept map for this group was simple.
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10. The investment of time in creating concept maps for this group is worth it.
11. The concept maps created for this group properly represented your perception (i.e. thoughts,
knowledge, or beliefs) of the problem tackled by this group.
12. The concept maps created for this group properly represented your perception (i.e. thoughts,
knowledge, or beliefs) of the goals of the group.
13. The development of concept maps in this group was instrumental to achieve the group’s research
goals.
14. Do you believe that the use of concept maps was beneficial in any of the following areas? Please
check all that apply.
15. Please give a brief example on how you have used or plan to use the concept maps created.
16. The use of concept maps was helpful in sharing your knowledge to other researchers.
17. The use of concept maps was useful to answer competency questions.
18. Please give a brief example on how you have used or plan to use the ontologies created.

Summary of Experience
On a scale of 1 to 5, 1 being "Strongly Disagree" and 5 being "Strongly Agree", provide an
agreement level for the following statement:
19. The series of workshops were effective for externalizing/communicating your knowledge across
disciplines
20. If you were a member of interdisciplinary research groups previous to this community, please
describe the differences between your experiences in this community with respect to past
experiences.
21. Please provide any comments on your experience that can allow us to improve the process.
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